Few studies have reported the association between body mass index (BMI) and outcome among Asian breast cancer patients. We analyzed data for 20,090 female invasive breast cancer patients who had been followed-up for a median period of 6.7 years entered in the National Clinical Database-Breast Cancer Registry between 2004 and 2006. We used mainly the WHO criteria for BMI (kg/m 2 ) categories; <18.5 (underweight), ≥18.5-<21.8 (reference), ≥21.8-<25, ≥25-<30 (overweight), and ≥30 (obese). We divided normal weight patients into two subgroups because this category includes many patients compared to others. The timing of BMI measurement was not specified. The Cox proportional hazards model and cubic spline regression were used to estimate hazard ratios (HRs) and 95% confidence intervals (CIs). Smoking, alcohol, and physical activity were not controlled. A total of 1418 all-cause, 937 breast cancer-specific deaths, and 2433 recurrences were observed. Obesity was associated with an increased risk of all-cause (HR: 1.46; 95% CI: 1.16-1.83) and breast cancer-specific death (HR: 1.47; 95% CI: 1.11-1.93) for all patients, and with all-cause (HR: 1.47; 95% CI: 1.13-1.92) and breast cancer-specific death (HR: 1.58; 95% CI: 1.13-2.20) for postmenopausal patients. Being underweight was associated with an increased risk of all-cause death for all (HR: 1.41; 95% CI: 1.16-1.71) and for postmenopausal patients (HR: 1.45; 95% CI: 1.15-1.84). With regard to subtype and menopausal status, obesity was associated with an increased risk of breast cancer-specific death for all cases of luminal B tumor (HR: 2.59; 95% CI: 1.51-4.43; P heterogeneity of Luminal B vs. Triple negative = 0.016) and for postmenopausal patients with luminal B tumor (HR: 3.24; 95% CI: 1.71-6.17). Being obese or underweight is associated with a higher risk of death among female breast cancer patients in Japan.
Introduction
Obesity defined in terms of body mass index (BMI) is a possible factor affecting the prognosis of patients with breast cancer. A previous meta-analysis including 43 studies showed that obesity was associated with higher risk of all-cause or breast cancer-specific death among preand postmenopausal women [1] . A more recent large-scale meta-analysis of 82 studies conducted by the World Cancer Research Fund and American Institute for Cancer Research (WCRF/AICR) also showed that obese patients had poorer overall and breast cancer survival, for both pre-and postmenopausal patients, and that being underweight was not associated with breast cancer survival, although the latter included only 10 studies [2] .
It has been suggested that associations between BMI and outcome in Asians may differ from those in Europe [3] . A large-scale study from Korea including 24,698 breast cancer patients demonstrated significantly lower overall and breast cancer-specific survival and a higher risk of recurrence in patients who were underweight than in those of normal weight, although no conclusion was drawn with regard to any association between overweight/obesity and breast cancer recurrence or death [4] . A recent study from Japan suggested that both higher BMI and lower BMI are associated with an increased risk of mortality among breast cancer patients [5] . However, the associations between being obese or underweight and survival among breast cancer patients have not been adequately assessed in Asian countries; previous meta-analyses of Asian patients included only two [1] and seven [2] studies, respectively.
There is biological evidence that breast cancer is a heterogeneous disease [6, 7] . There is considerable heterogeneity of breast cancer subtypes, each showing a distinct geneexpression profile [6, 8] . Biological heterogeneity defined by combined estrogen/progesterone receptor (ER/PR) and human epidermal growth factor receptor 2 (HER2) status may imply important differences in tumor etiology and prognosis [9] . Thus, assessment of associations between BMI and breast cancer prognosis according to tumor subtypes defined by ER/PR/HER2 may shed further light on this relationship. In fact, several studies have already investigated the effects of tumor subtype defined by ER/PR status [10] [11] [12] . A recent meta-analysis of 21 studies, including the ER/PR status of breast cancer and menopausal status, showed that obesity impacted negatively on both overall and breast cancer survival irrespective of ER/PR and menopausal status [13] . However, few studies have addressed the association between obesity and survival of breast cancer patients in terms of ER/PR/HER2 status [14, 15] .
In this study, we investigated the relationship between BMI and the risk of all-cause death and breast cancer-specific death among breast cancer patients in terms of menopausal status and also tumor subtype using a nationwide database in Japan.
Materials and Methods

Study subjects, database, and clinical information
The Japanese Breast Cancer Society (JBCS) has maintained the Breast Cancer Registry (BCR) supported by the Public Health Research Foundation (Tokyo). Affiliated institutes have voluntarily provided the BCR with data on newly diagnosed primary breast cancer cases through a webbased system since 2004 [16] . The National Clinical Database (NCD) in Japan, which was launched in 2010, is a nationwide prospective web-based registry linked to the surgical board certification system. Detailed information about the NCD has been published previously [17, 18] . In brief, the NCD systematically collects accurate data in order to develop a standardized database for improvement of quality and evaluation of healthcare quality from the standpoint of structure, process, and outcome [17] . Detailed information on cancers, such as gastrointestinal, liver, pancreas, thyroid, and breast cancer, is also collected [19] . The NCD contains >1.2 million surgical cases collected up to 2011, and approximately 4000 institutions have been participating. The NCD continuously communicates with hospital personnel responsible for data collection through the NCD web-based data management system, and also consistently performs random site visits to validate the submitted data. Between 2004 and 2011, 238,840 cases were transferred from the JBCS to the NCD for creation of the National Clinical Database-Breast Cancer Registry (NCD-BCR). For our present study, we used NCD-BCR data for 53,670 patients who had been newly diagnosed and registered as having breast cancer at 388 institutions between 2004 and 2006 and who were requested to attend for initial follow up at around 8 years after initial diagnosis. An estimate of newly diagnosed female breast cancer cases between 2004 and 2006 is 155,027 [20] . Newly diagnosed breast cancer cases captured in this registry are 34.6%. Finally, 25,898 patients from 170 institutions were followed up.
Information on patients covering age, sex, height and weight, place of residence, detection method, family history of breast cancer, menopausal status, tumor characteristics, TNM classification, and treatment (chemotherapy, endocrine therapy, radiation therapy) was obtained from the NCD-BCR. The TNM classification and histological classification were registered according to the UICC staging [21] and WHO classification systems, [22] respectively. Patients who were male (n = 231) or of unknown sex M. Kawai et al. Body Mass Index and Survival After Breast Cancer (n = 1), or who were at stage 0 (n = 5546) or IV (n = 1355) or unknown stage (n = 1349) were excluded, leaving a total of 45,188 patients. Information on ER/PR/HER2 was also obtained from the NCD-BCR. ER/PR positivity was diagnosed if at least 1% of nuclei in the tumor were immunohistochemically positive for ER or PR. HER2 overexpression was defined as an immunohistochemical score of 3 + and/or a positive FISH result. Cases were categorized into four subtypes on the basis of their status: luminal A (ER+/PR+/HER2−); luminal B (ER+/PR−/HER2− or ER+/HER2 +); HER2− overexpressing (ER−/PR−/ HER2 + ); and triple negative (ER−/PR−/HER2−) [23] .
Ascertainment of exposures and follow up
Body mass index was calculated as weight divided by the square of height (kg/m 2 ). Patients whose height or body weight was unknown (n = 2582) were excluded, as were those whose age (n = 206) and place of residence (n = 10) were unknown, leaving a total of 42,390 patients. We categorized BMI into a five-level variable with reference to the WHO criteria, [24] using a median value of 21.8 between 18.5 and 25.0: <18.5 (underweight), ≥18.5-<21.8 (reference), ≥21.8-<25.0, ≥25.0-<30.0 (overweight), and ≥30 (obese). Figure 1 shows a flow diagram of this study. Information on the date of follow up and status (alive, death from breast cancer, death due to causes other than breast cancer, and death due to unknown causes) and the date of recurrence and status (with or without recurrence) were obtained from the NCD-BCR. During the study period, 20,090 (47.4%) patients were followed up.
Statistical analysis
The endpoint of our analysis was all-cause death, breast cancer-specific death, and recurrence. Recurrence included local (conserved breast, chest wall, axillary lymph nodes, and regional lymph nodes) and distant (lung, liver, bone, brain, distant lymph nodes, pleura, and others) metastasis. Survival time was calculated for each patient from the date of first treatment to the date of death, recurrence, or the end of follow up. We used date of first treatment instead of date of diagnosis because the NCD-BCR does not have date of diagnosis.
The Cox proportional hazards model was used to estimate hazard ratios (HRs) and 95% confidence intervals (CIs) for all-cause death, breast cancer-specific death, and recurrence in relation to BMI [25] . Dose-response relationships were tested by treating each exposure category as a continuous variable and were employed in the Cox model for BMI ≥18.5 because we expected the overall relationship of BMI to each endpoint to be U shaped rather than linear (i.e., we expected patients with BMI <18.5 have higher mortality than the reference category). To evaluate a potential non-linear relationship between BMI and each endpoint, we applied cubic splines with three knots in settled percentiles (10%, 50%, and 90%) of the distribution to model the possible association [26] .
We considered the following variables to be potential confounders: age, place of residence (eastern Japan, western Japan), detection method (self-detection, screening with symptoms, screening without symptoms, others), family history of breast cancer (no, yes), tumor stage [Stage I, Separate analyses were conducted after dividing the patients according to menopausal status and tumor subtype, along with analysis of the patients overall. Menopause was defined as the cessation of menstrual periods for more than 1 year. Menopause resulting from surgery was defined as unknown menopausal status. To evaluate heterogeneity of the associations between BMI and each endpoint across tumor subtypes (Luminal B vs. Luminal A/ HER2− overexpressing/triple negative), interaction terms (BMI * tumor subtypes) were tested.
Results were regarded as significant if the two-sided P values were <0.05. All statistical analyses were performed using the SAS 9.4 (SAS Institute, Cary, NC).
Results
The patient characteristics are shown in Table 1 . During a median follow-up period of 6.7 years, 1418 all-cause deaths, 937 breast cancer-specific deaths, and 2433 recurrences were observed. Obese patients were more likely to have an advanced stage of breast cancer, a luminal A tumor, or to have undergone endocrine therapy. Underweight patients were more likely to have self-detected tumors, and less likely to have undergone chemotherapy. Table 2 shows the association of BMI with each endpoint. Compared to patients with BMI ≥18.5-<21.8, those with BMI ≥30.0 were shown to have a higher risk of all-cause death (HR: 1.46; 95% CI: 1.16-1.83; P = 0.0012) and breast cancer-specific death (HR: 1.47; 95% CI: 1.11-1.93; P = 0.0065). A dose-response relationship was observed between BMI and all-cause death (P trend = 0.026). Stratification by menopausal status revealed that postmenopausal obese patients had a higher risk of all-cause death (HR: 1.47; 95% CI: 1.13-1.92; P = 0.0045) and breast cancer-specific death (HR: 1.58; 95% CI: 1.13-2.20; P = 0.0072). For premenopausal women, our results showed that obesity was associated with non-significant higher risks of all-cause death (HR: 1.46; 95% CI: 0.91-2.35) and breast cancer-specific death (HR: 1.34; 95% CI: 0.79-2.27). Underweight patients had a higher risk of allcause death among patients as a whole (HR: 1.41; 95% CI: 1.16-1.71; P = 0.0005) and among postmenopausal patients (HR: 1.45; 95% CI: 1.15-1.84; P = 0.0018). Table 3 shows the association of BMI with recurrence and breast cancer-specific death according to tumor subtype. Compared to patients with BMI ≥18.5-<21.8, those with BMI ≥30.0 were shown to have a higher risk of breast cancer-specific death (HR: 2.59; 95% CI: 1.51-4.43; P = 0.0006; P heterogeneity of Luminal B vs. Triple negative = 0.016) among patients with luminal B tumor. A dose-response relationship was observed between BMI and breast cancer-specific death (P trend = 0.017).
Stratification by menopausal status among patients with luminal B tumor (Table 4) revealed that postmenopausal obese patients had a higher risk of breast cancer-specific death (HR: 3.24; 95% CI: 1.71-6.17; P = 0.0003). A dose-response relationship was observed between BMI and breast cancer-specific death (P trend = 0.022). Figure 2 shows HR and the corresponding 95% CI of multivariate-restricted cubic splines between BMI and each endpoint. A dose-response relationship was observed between BMI and all-cause death, higher BMI and breast cancer-specific death ( Fig. 2A and B) overall. Among postmenopausal patients a dose-response relationship was observed between BMI and all-cause death, higher BMI and breast cancer-specific death (Fig. 2C and D) . Among patients with luminal B tumor, a dose-response relationship was observed between higher BMI and breast cancer-specific death overall (Fig. 2E ) and postmenopausal patients (Fig. 1F) . 
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Discussion
Our present study demonstrated that being obese or underweight was associated with an increased risk of death overall, especially for postmenopausal patients. In terms of tumor subtype and menopausal status, obesity was associated with an increased risk of death in patients with luminal B tumor and in patients who were postmenopausal. The association between BMI and survival among breast cancer patients has not been adequately addressed in Asian countries [1, 2] . Our study is therefore of importance in that a nationwide database in Japan has been analyzed for the first time in a prospective setting, involving a large number of breast cancer patients stratified according to tumor subtype and menopausal status.
A meta-analysis including 213,075 breast cancer patients with 41,477 deaths (23,182 from breast cancer) reported that the relative risk (RR) of total mortality for obese patients was 1.41 (95% CI: 1.29-1.53) and that of breast cancer mortality was 1.35 (95% CI: 1.24-1.47) in comparison with patients of normal weight [2] . That study also revealed that the RR of total mortality for obese patients was 1.75 (95% CI: 1.26-2.41) among those who were premenopausal and 1.34 (95% CI: 1.18-1.53) for those who were postmenopausal, whereas the RR of breast cancer mortality was 1.50 (95% CI: 1.13-2.00) for premenopausal women and 1.34 (95% CI: 1.21-1.48) for postmenopausal women in comparison with women of normal weight [2] . Our present results are consistent with these, showing that obesity was associated with a higher risk of all-cause death and breast cancer-specific death for the patients overall and for postmenopausal patients. For premenopausal women, our present results demonstrated that obesity was associated with a nonsignificant higher risk of all-cause death and breast cancer-specific death. One possible reason for this relationship may have been the slightly higher proportion of obese patients with advanced-stage breast cancer. Therefore, we attempted to analyze the data for Stage I breast cancer alone. However, this yielded almost the same results (Table 5 ). We hypothesized a reason for a slightly higher proportion of obese patients with advanced-stage cancer. This might be due to the development of more aggressive tumors rather than screening behavior. The proportion of TNBC, an aggressive type of tumor, in overweight or obese women was lower than others.
Our present study demonstrated that underweight patients had an increased risk of all-cause death, among both the patients overall and those who were postmenopausal. A previous meta-analysis of 10 studies had shown that being underweight had no association with breast cancer survival [2] . Also a large study of Korean breast cancer patients had shown that underweight patients were at a significantly higher risk of all-cause death (HR: 1.48; 95% CI: 1.15-1.90) [4] . Underweight patients might have included undernourished patients, especially among postmenopausal women, as well as properly nourished, naturally lean patients. In patients showing chronic undernutrition, cytokine reactions and subsequent activation of the immune system are compromised [27] . This may have partly contributed to the increased risk of all-cause death among underweight, postmenopausal women. Another reason for the association between being underweight and the higher risk of all-cause death might have been the slightly higher proportion of patients with advanced-stage breast cancer. Therefore, we attempted to analyze the data by omitting Body Mass Index and Survival After Breast Cancer M. Kawai et al. cases of advanced breast cancer. However, this yielded almost the same results (Table 5) .
A few studies have reported the association between BMI and survival of breast cancer patients with combined ER/PR/HER2 status [14, 15] . One study found that a higher BMI was associated with shorter disease-free survival in postmenopausal patients, but no independent effect of any specific subtype was observed [14] . The other study showed that patients with ER-/HER2 + tumors showed significantly worse overall survival and that a higher proportion of obese patients had distant metastases [15] . In our present study, an association of obesity with poorer [6] and were usually recommended to undergo endocrine therapy and chemotherapy [23] . Obese and older breast cancer patients tend to show poorer survival because of suboptimal chemotherapy resulting from comorbidities and chemotherapy dose reduction due Body Mass Index and Survival After Breast Cancer M. Kawai et al. to concerns about toxicity [28] . Differences in trastuzumab treatment might modify the association of obesity with breast cancer survival in patients with HER2-positive breast cancer. Among the patients receiving trastuzumab and chemotherapy, [29] those who are obese might show poorer survival than normal weight patients because of more severe trastuzumab-induced cardiotoxicity [30] . Obesity is also associated with poorer survival after endocrine therapy in breast cancer patients [31] . In postmenopausal obese patients, higher synthesis of peripheral estrogen in adipose tissue [32] [33] [34] is the most likely mechanism responsible for the higher risk of breast cancer-specific death [35] . A recent systematic review reported that obesity was associated with decreased efficacy of endocrine therapy in postmenopausal patients with hormone receptor-positive tumors [36] . Suboptimal endocrine therapy and chemotherapy might explain the poorer outcome of postmenopausal obese patients with luminal B tumors. Further studies will be needed to clarify these associations.
There was increasing evidence that a specific BMI reflects a higher percentage of body fat among Asian populations at a given BMI than do white or European [37] . A previous study in Japan suggested that BMI ≥25 adequately specifies complication, [38] where the prevalence and degree of obesity remain mild [39] . A WHO Expert Consultation panel in 2002 proposed BMI cut-off points for Asians for policy and intervention strategies; <18.5 (underweight), ≥18.5-<23 (reference), ≥23-<27.5 (increased risk), and ≥27.5 (high risk). Table 6 shows the association of BMI with each endpoint by this cut offs overall and by menopausal status. Those with BMI ≥27.5 were not shown to have a higher risk of all-cause death, but shown to have a higher risk of breast cancer-specific death (HR: 1.24; 95% CI: 1.01-1.52; P = 0.0038). A dose-response relationship was observed between BMI and breast cancer-specific death (P trend = 0.048). Postmenopausal patients with BMI ≥27.5 did not have a higher risk of all-cause death, but have a higher risk of breast cancer-specific death (HR: 1.30; 95% CI: 1.02-1.65; P = 0.035). A dose-response relationship was observed between BMI and breast cancer-specific death (P trend = 0.04). There might be some kind of metabolic reserve which is not protective at high levels of obesity for all-cause death. BMI cut-off points for Asians might not be useful for policy, and intervention strategies in this cohort as BMI of ≥18.5-<25 were already recommended to maintain a healthy condition [40] . The WHO Expert Consultation also recommended to use all categories for reporting purposes with a view to facilitating international comparisons whenever possible [37] .
Several limitations of our study should be considered. First, due to the timing of weight measurement, exposure might have been misclassified to some degree. This might be important, as there are some concerns regarding the [41] . A recent review describing the association between weight change and breast cancer prognosis concluded that the existing data are conflicting [42] . A meta-analysis found no significant difference between the timing of BMI measurement and breast cancer outcome [2] . Second, there was a relatively low rate of follow up during the study period. Follow up was requested from the NCD and performed by each of the institutions participating in the NCD-BCR, but was not mandatory. We compared the background of patients who were followed up and those who were not, but found no apparent difference between the two groups ( Table S1 ). The results of our study were almost consistent with those of the previous large-scale meta-analysis of qualified studies conducted by the WCRF/AICR [2] . Third, our study included no information on comorbidity. Both obese and underweight patients are thought to have a higher risk of comorbid conditions. Fourth, Japan is ethnically homogeneous, and the patients included in our study were all female patients living in Japan. Therefore, the external validity of our results will need to be considered cautiously. Fifth, our study included no information on body composition. The relation between BMI and lean or fat mass may differ between people, but BMI cannot distinguish lean mass from body fat distribution. There have been several studies investigating between body fatness and survival in breast cancer patients. Two studies found negative association between body fat and survival, [43, 44] but others did not [45, 46] . Sixth, we do not have key confounders: smoking, alcohol, and physical activity. This might cause bias. Smoking rate in 2015 was 10.6% and alcohol consumption rate in 2005 was 8.0% [47] among Japanese women, which were lower than other countries. Recent large studies from Korea also do not have items of smoking, alcohol, and physical activity [4, 48] .
Among breast cancer patients living in Japan, being obese or underweight is associated with a higher risk of all-cause death, especially in postmenopausal patients. There is some suggestion that postmenopausal obese patients with luminal B tumors have a poorer prognosis. A few studies have addressed the association between underweight and outcome of breast cancer patients in terms of ER/PR/HER2 status [1, 2, 14, 15] . As higher and lower BMI are directly related to mortality, [49] it is important for breast cancer patients to maintain an appropriate body weight for height.
